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DYMAC COMPUTER SYSTEM

Jane Hagen and Robert F. Ford
University of California
Los Alamos Scientific Laboratory
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Abstract

The DYnamic Materials ACcountability program
(DYMAC) has been monitoring rnuclear material at
the Los Alamos Scientific Laboratory plutonium
processing facility since January 1978. This
paper presents DYMAC's features and philosophy,
especially as reflected in its computer system
design. Early decisions and tradeoffs are
evaluated through the benefit of a year's
operating experience,

Introduction

A computer-based systew for dynamic mate-
rials accountability has been in operaticn at
the Los Alamos Scientific Laboratory's new plu=-
tonium processing facility since January 1978.
Called DYMAC, for DYnamic Materials ACcount-
ability, it provides near-real-time information
about every inventory item in the facility. The
DYMAC system was designed %o meaet the plutonium
facility's record-keeping requireme~ts and to

A process technician makes a transaction at an
interactive video terminal.

incorporate safeguards tools, In this paper we
discuss our approach to implementing -hose safe=-
guards tools into the DYMAC syatem. We also
briefly familiarize the reader with the record-
keeping aspect of DYMAC.

Processing in the plutonium facility varies
from plutonium-metal fabrication and advanced
carbide fuel preparation to ion-exchange and
lesching recycle operations. In designing the
DYMAC computer system, we had to build in the
flexibility to accommodate the diverse pro-
cessing and adapt to changes as they occur. We
designed the computer system =o that the process
technicians themselves enter data into the sys-
tem. This entails two »ther design considera~
tions: to reduce data antry 2rrors and to have
data entry oceur in near real time.

Description of the Computer System and Its Use

Our design requirements for the DYMAC
computer systen specified a dedicated computer
that could handle confidential data. The system
had %o be portable in the sense tnat it could be
installed on a similar machine in another facil-
ity. Moreover, it had to be implemented at a
nonprohibitive cost, using standard computer
hardware available to the general public.
Because of the portability requirement, the
operating system had to support high-level,
machine~-independent languages. The operating
system had to provide some multiprogramming ca-
pablility to simultaneously handle more than one
activity while providing quick response time.
One further requirement was that the zomputer
come provisioned with a software package for
data base management.

The foregoing specifications led to the ag=-
quigition of a powerful minicomputer, “he Data
General Sclipse 2330. The Zelipse computer cur-
rently operates with 163,340 16-bit words of
gore memory, 3and 20 million bytes of disk stor-
age capacity. The Zclipse is =~outru)lad from
two system sonsoles. Paripheral: inc. 12 a
500-line-~-per-minute printer for generaiing over-
night reports and wo magnetic %ape drives,
which are used to back up daily transaction ace
tivity and to make backup copies of the
facility's data base and the DYMAC software pro-
grams. A nmultiplexor allows data transmission
over 128 ~ommunication lines, The lines zonnect
the Sclipse with interactive video “erminals iand
MDA instrumentation locatad in the nlutonium
facili'y, EZlectronis balances are the anlv NDA
instruments connected directly o the Zolipse at
the present time. In “he next few months., “‘e
Bclipse will be able to communicate direct.y
Wwith thermal-neutron coineidence zounters, zeg-
mented gamma scanners, and solution 3say
instruments.

The softwere supported by the Exlipse con-
sists of thrae packages: RDOS, *the operating
3ystem; INFOS, the data base management system;
and DY33, the application programs. RDOS 13 2
real-time, in“errupt-driven operating system,



It economically allocates and schedules computer
resources (such as processor :time, memory, and
peripheral devizer) among user requests. The
qD0S software s supplied by the Data TJeneral
Ctorporation. Also provided by Data General is
INFOS, 2 fila-orisnted data base management sys-
~em. INFOS has the ability to create a file,
srder it, ssarch {t, insert whole racords, “.=
lete whole records, and alter a part of a rec=-
ord. Information in a file 2ay b%e simul-
taneously ordered in many different :ays. To
allow the computer %o interact with users at
terminals, and with NDA instruments, we have
designed and implemented an application code
that uses INFOS to maintain a dynamic data

base. We call the application code DYS3, for
DYMAC Softwars Systea.

dhen the 3status of an inventory item
charnges, the “achnician who is working with the
item uses 31 nearbdy video terminal to make a
transaction that informa DYSS of the change.
during :ha ‘ransaction-making process, DYSS
que=ies the “echnizian through 3 Jssries Sf
prompts and responses. It asks him to identify
“he process step he has Just sompleted, and the
item he (3 procesaing. Depending sn thes process
atep he chooses, "YSS will ask nim to ide.tify
the instrument he used to assay or verify the
item's plutonium content, DYSS then reads ‘“he
assayed value from tne instrument, performs :-he
appropriate calculations, and lmmediately up-
Jates the inventory and “ransaction history
files %0 reflect the new inventory status.

DYSS ~ollects data, by means »f trans-
ictions, to maintain a current data base and
then provides that current inventory infor=-.ion
0 process personnel in the form of raports dis-
played »n their video “erminals. A resquestor
2an «isplay lists of which items should be in a
3peciric glovebox, or ir an entirs material
balance area. He 2an inquire about recsnt ac-
tivity related to any Ltem in a ziven process
area., Many video terainals are paired with
hard-copy units, so that r9ports may be printed
instead »f 4isplayed.

The preclsion and accuracy of avary MDA in-
atrument in “he faecllity i3 ~heokad and “he
4aily r~esul%ta of such checks antsred into DYSS
Trom “he ‘ntepactive tsrminala, DYSS uses “hess
n~agyl:s %0 4etermine asach instpument's scatus,
tkat (3, “hether it !s perfsrming suffl=siantly
wel. 0 98 usad for aocountability measure-
aent3. DVYSS ~hecks this parformancue data sach
=ine an nstrument is used as part of 1 “rans-
action.

DYMAC Design Approach

Jur basic design approach far She DYMAC avs-
tam ~aquires “he process technizians %o anter
iaformation into the cmputer au thay jo thelr
work. Thid {3 1 Tundamental shange from having
1 supervigor anter the information and has “wo
major jesi3n implications: how to snsure ‘he
quality and timeliness of data entry. We must
reducy Jata ontry errora “0 have a reliable lata
hase and we must sncourage “he “echnicians ®»
enter processing information ints *he iystem !n
13 near rsal :ims as poasible. The DYMAC svstem
{8 tuilt 2n thess pracepts,

JIMAC depends on he process techni>iana %o
maintain an up-to=date computer invantory mather

than dependirg »n their supervisors or Zesiz-
nated acoountability serscnnel. de delegatad
this responsibility to the process technioians
0 increase ‘heir sense >f custodianship of the
nuclear matsrial that *hey handle. Process
supervisors, who nistorically have baen respon-
sible for inventory redord-keeping, now will
have time %0 supervise, svaluate, and ‘mprove
processing. We made Jata-antry terminals 1coes-
sible %0 the t“schniocians dy loocating sne in
almost every osrocessing room in the facility.
dence, DYSS handles intermittant activity frem
many 2ifferent “erminals, instsad of constant
activity from a few terminals. By requiring tne
process teohnician to enter information each
time he completea a processing step, we raduce
some data-entry srrors because the information
is firsthand and avoids “he possibility of per-
sonnel ~ommunication arrors. On the other hand,
the “eschnician may not fully understand the ac-
countability procedures, and :hen we zust
protact “he data base against his entering in-
correct information.

The affactiveness sf any accountability sys-
tom {3 ultimately limited 5y “he jualizy of 1ata
it zollsots. To reduce Iata-antry errors, we
designed DISS to:

) perfora axtensive liagnostics on user
input and

3 ainimize the input required »f per-
sonnel by using on-line !‘astruments and irawing
on standardizecd informaticn pracoded into com-
suter data files.

DYSS performs diagnostic checks sn all input
data. £EZach response typed in Yy the user is
checked syntactically, that is, for correat num-
hear 3f characters and far proper alphabetic,
numeric, or alphanumeric format. Many entries
are then ~ompared with filles of nalid fleid ~on-
tents. For axample, a teschnizian may ~aspond
with 'G253' for glovabox 253 when asked for an
itam's new location. Although ths response i3
syntactiocally orrect, JYSS determines iz3 7a-
1idity 5y searaning a flle aof ke facii.ty's
l>eaticn designators.

A “urther _eval > Ziagnostics involves
ssarching the Iinventory flle. A9 scon 18 an
icem is {dentifled luring “ransaction entrvy,
JYSS 3earches -he !nventory f'lse o 4ararmine .f
another iLtem of' “hot name axiats. If (% rdoas
not Sind <hat ttem, it 4ill 10t 3ll9w “he ysar
=0 sontinue. The pessidility always axista =hat
taes user nade 3 “yping 2rror When antearing “he
{tem's rame. Another posaibility i3 *hat the
item is mislabeled or an {mpruper transaction
439 praviously “een made. By lmmediately
asarching the Inventory file, DYSS can iIstact
“hess antry arrors. Jimilarly, 1% jearches “he
instrument flle %o val'date the ‘dentifler whena
qver an ‘nstrument i3 used in a transaction. It
3130 searches “he standarqs file %o va'idata
standards used ‘n %the daily sreciaion ad ic-
2urecy 7necks 1f the NDA Llastruments,

The numernus searche®s nade luring “hea ~ourse
JF a =“rInsaction are pos3ible bacause tlre
"intelligenca” >f the DIMAC computer svstem 's
centralized in %he Solipse., A 4iffapent ap-
proach, one wa ralectad, was 9 diatridute :hs
intalligence of “he computer aystem Sy uaing
ralatively expensive remcteé terminais that !n-
clude some proaessor and memory, or to uss re-
mote minicomputer concentratars %o irive the



interactive ‘srminals. Typically, in systems
whers the intelligence s so distriduted, aele=
aentary diagnostics suoch as syntaotical cshecks
are done at the remote processor, then the come
plate set »f ‘ransaction data is ‘ransmitted to
the central computer to update the data base
files. 'Infortunately, if “he item involved in
the “ransaction is not found in the Lnventory
file, the entire transaction must be rejected.
Jaing m-line data Hase searches >ade possible
4y the czentralized intelligence of “he DYMAC
system, wo can detect many sntry errors as soon
as they sccur. On-line file searches also meaan
that information retrieved from “he Jdata base
can be displayed to the technician and used to
furnish part of the transaction data.

To reduce data-entry errors, we tried to
require relatively little input from users (n
sompariscn to the input from instruments and
standardized inforaation in Jomputer data
filss. The on-line iastrumenty allow “he system
o read measursment Jata directly i{nstead of
ralying on a technician to manually enter 't
<here he may transpose 4igits sr even forget
them. Diagnostics are perfaormed on dirsctly
transmitted instrument data %o ansure its in-
Tegrity and guarantes that the “ransmission has
heen arrore[lree.

Input maquired from the user is minimized by
lndividualizing transaction options for pro-
209363, We have analyzed aach process in the
facility to Jetermine material flow and measure-
aent points. For sach step in a process, ve
have coded DISS %to specify “he type of material
involved, i%s form, and its »ld and new loca-
tions. We nave pracoded DYSS to inow whether an
item's name 's changing, whether it is to be
1ivided to form new items, or combined with an-
sther item. DYSS Xnows what “ype of mZeasursment
or verificatisn is reeded, and what calculations
o perform on the neasurement data. It imows if
ssals are applled, verilied, or bdroken. It
<nows whether ~ompletion > 1 process step !ndi-~
catss :hat 13 nateri:l -alance zan b9 Jrawn,

411 chis standardized information L3 stored
‘s aomputer iata flles, Thersa {3 i set of rea
.ated files Tor 2ach process !n the facllity.
Wren 2 “echnician it a terminal i4entifles the
Jroomss 3taep ha nas ‘ust mmplated, DYSS ac-
casses “he 1ippropriate filea to furnish a large
sart f the :rapsaction {ata. It 2nly asks she
sechni~ian for the information “hat could not be
prsooded intc the flle., The organization, use,
and aaintenance of “hesa precoded data files for
the antire plutonium facility has greatly in-
fluenced the structure of DYSS.

The affactiveness >f he DYMAC system de-
Pends n the “imelinmss of input a8 well as its
jquality. W -neourage “achniocians o maks
“ransactions ‘mmediately fallowing *he comple-
tian of 1 praocess step. The zomputer system,
instruvaents, and interactive “erminal network
are avallable %o the proness jersconnel during
normal facility working “ours.

Jre ingentive {-p :imely data =2ntry (s “hat
1% gives “he supervisor iaddad contral 2ver pro-
cassing. He can tell 10w much aaterial “as Heen

processed and vhat remains to be processed. He
can use 2a-line inventory listings to take an
immediate physical inventory. To reduce dis=-
crepancies that ne may find, the supervisor can
require his technicians %o make :transactions :in
a more timely fashion.

The use of on-line measurements promotes “he
timely entry of “ransaction Jata. +When in item
is weighed on an electronic balance, 1ts weight
{s locked in the balance readout unit for trans-
mission to the Sclipse computer. The “echnician
must make a transaction concerning “he :iem and
its new weight while the electronic balance re-
tains the value, During the 2ourse »f the
transaction, the Eolipse computer reads the :zon-
tents of the electronics register directly with-
out going through the data-entry terminal. When
the transaction is zcomplets, DYSS -ipdates the
inventory and transaction history files. The
balance cannot retain the resul:s of severai
measurements, hence a transaction must be made
Sefore the on=line instrument 2an be uged %o
measure the next item.

Another part of <he DYSS design that on-
courages timely transaction ‘nput i3 the zwo-
part transaction. Traneastione inuvalwine 2
change of process or custaodian arse made it “wo
1ifferent times, one by the sender of the mate-
rial and <ne by the receiver. Verification
measurements may be required at send and receive
times. Data base records for inventory ltems
sent are marked by the DYSS code as teing in-
transit {nventory. DYS5 monitors the in-transit
file to =nsure that items are received in a
timely fashion. It sends messages to the facil-
1%y's lead accountability person, the nuclear
naterials »fficer (NMO), when an item has been
in transit longer than the allowed time. The
NMD then inveatigates the jause 5f :he delay.

Conelusion

The DYMAC system at the 28 Alamos plutonium
processing Tacility has kept excellasnt records
in the 15 months of its operatiasn. Process
personnel ~aly on “hese racords td run their
procssses imoothly. Accountability personnel
iraw 2n the jame records for Jareguarids pur-
poses. The ey %o zairtaining “hese :izelv
racords has Yeen “he willingness J>f the facliity
t“schniclans %0 maks transactisns as part of
“helr processing requirements.

Ae had intended that “he DYMAC system Y2
complataly portable. Although 3ome functions
are unfortunately 4ependent o-n “he Zclipse
aomputer'!s aulti-user capabilisy and i:3 data
tase management system, DYMAC'a zoncepts are
captainly applicable in other faeilities. 3uch
2oncepts as <data entrv Sy process “echnisians.
orecoded data filas for =ach pracess, Jn=-line
flls gearches, “he in-trans.: inventory fil:,
and “he jata base structure ire ‘ndeed jert-
abla., These concepts are jodad in 31 wigh=-lavel
~omputer language that 'an =e r=uged it >Sther
Tacilitias with asome modification for dperating
aystem pecullarities.



